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(54) Method and apparatus for playing back multilayer disk 



{57) There is disclosed a method of playing back in- 
formation 1rom an oplical multilayer disk having a plu- 
rality o1 recording disks stacked on top of each other, by 
the use ol an optical pickup device. In order to switch 
the locused recording layer Irom a first one to a second 
one so that data is read from the second recording layer, 
the locus balanced condition of the pickup device is 
switched Irom a setting (Ra) providing a locus error 
characteristic adapted for the first recording layer to a 
reference setting (Rb) providing a neutral focus error 
characteristic. Then, the focal point of the pickup device 
is moved from the first recording layer. Subsequently, 
the pickup device is focused onto the second recording 
layer, and data is read from the second recording layer. 
Thereafter the focus balanced condition of the pickup 
device is switched to a setting (Rc) adapted io the sec- 
ond recording layer. 



t -» |" ; t .i.v 



o 

LU 




Pirwedby Jouvt. 76001 PARtO <rR} 



;DOClD:<EP 076£3?7A£ I 



EP 0 762 397 A2 



2 



Description 

The present invention relates to a method lor caus- 
ing the locus ol laser light to jump trom one ol a plurality 
of laminated recording layers ol a multilayer disk to a 
diflerent one and lor playinp back date recorded in the 
diflerent layer. The invention also relates to a playback 
apparatus used lor the method. 

The manner in which a playback apparatus 1or read- 
ing data 1rom an optical multilayer disk directs a light 
beam at the disk is schematically shown in Fig. i 

In this ligure, a multilayer disk 1 has three recording 
layers, lor example. This disk has a lirst recording layer 
3, a second recording layer 4 : and a third recording layer 
5. Protective layers 2 and 6 are lormed on the Iron! side 
ot the tirst recording layer 3 and on the rear side ol the 
third recording layer 5 : respectively. 

In the illustrated example, laser light is locused by 
an objective lens 7 incorporated in an optical pickup de- 
vice (nol shown). The laser lighl is iransmilied Ihrough 
the transparent protective layer 2 and locused onto the 
second recording layer 4. Under this condition, data can 
be read 1rom the second recording layer 4. 

In this case, the laser light locused by the objective 
lens is reflected by the second recording layer 4. The 
reflected light travels toward the objective lens and is 
returned to the pickup device, where the reflected light 
is received. In this way, data recorded on the recording 
layer 4 is read out One example ot construction ot such 
playback apparatus is shown in Fig 2 

In Fig. 2, laser lighl reflected by the multilayer disk 
1 is received by a detector 11 , which is divided into lour 
parts, HA, 11B : nC, and 11D. The lighl is received by 
the detector parts 11 A and 11C : which are disposed di- 
agonally. The light is converted into electrical signals 
which are then summed up by an adder 12. The result- 
ing sum signal (A + C) is amplified by a preamplilier 1 3 
and applied to a subtracter 16 and also to adders 20, 
25. The light is also received by the detector pans 11 B 
and 11 D which are arranged diagonally and convened 
into electrical signals. These electrical signals are 
summed up by another adder 14. The resulting sum sig- 
nal (B + D) is amplified by another preamplifier 15 and 
applied to the subtracter 16 and also to the adders 20, 
25. 

The subtracter 16 produces, as an output signal c, 
a locus error signal {(A + C) - (B * D)}, which is then 
equalized by a phase-compensaling circuit 17 and ap- 
plied to one terminal o1 a switch IB. A focus search drive 
voltage signal having a given characteristic is supplied 
Iroma locus search driver circuit 19 to the other terminal 
ot the switch 1 6. E ither signal selected by the switch 1 E 
is supplied via a driver amplilicr 28 to a locus driver coil 
29 to drive it. In this way : an objective lens mounted in- 
side the optical pickup device is moved relative to the 
optical disk 1 . 

In this case, il the result ol a detection is that the 
optical disk 1 is in tocus ; then the switch 18 produces 



the locus error signal {(A + C) - (B + D)}. II the result ol 
the delection is that the optical disk 1 is nol in locus, 
then the locus search drive voltage signal is produced. 
In the initial state created by turning on the power 

£ supply or the like, the locus search drive vollage signal 
is produced trom the switch 16. 

The adder 20 creates, as an output signal a, play- 
back RF signal ( A -+ B + C + D). which is applied to one 
terminal o! a comparator 21. This signal is compared 

to with a relerence voltage VI applied to Ihe other terminal 
of the comparator 21 . That is., in the comparator 21 , the 
playback RF signal (A + B + C + D) is compared with 
the relerence voltage V1 . When the level ot the RF sig- 
nal is in excess ot the relerence voltage VI , the disk is 

75 regarded as being in locus, and the comparator 21 de- 
livers a tocus OK signal (signal b) ot H (that is ; high) 
level. This locus OK signal turns on a switch 23. 

When the level ot the playback RF signal (A + B ■+ 
C + D) is less than the relerence voltage VI , the disk is 

so regarded as being oul ol locus, and Ihe comparator 21 
produces a signal ot L (that is, low) level. This signal 
turns olt the switch 23. . *-- 

The locus error signal {(A + C) - (B + D)) delivered 
trom the subtracter 16 is compared with a relerence voll- 

2B age V2 ot zero potential by a comparator 22. The com- 
parator 22 produces a zero-crossing detection signal 
which is produced when the locus error signal {(A + C) 
- (B + D)} crosses the zero point. When the tocus OK 
signal is being produced, the zero-crossing detection 

30 signal passes through the switch 23 and is applied as 
signal cMo a central processing unit (CPU) 24. The CPU 
24 senses that the disk is just in locus by detecting the 
trailing edge of the zero-crossing detection signal. 
The adder 25 creates the playback RF signal (A + 

ss B + C + D) which is supplied to a data decoder 27 via 
an RF preamplilier 26. Data read Irom the optical disk 
1 is decoded by the data decoder 27 and supplied to the 
CPU 24. 

The CPU 24 senses how many recording layers are 
ao in the optical disk 1 by relerring to the subcode R includ- 
ed in subcodes in the supplied data. The CPU 24 also 
senses which recording layer is the presently read re- 
cording layer by relerring to layer data recorded in the 
subcode S included in the subcodes. 
4£ At this time, the CPU 24 detects the trailing edge ol 
the zero-crossing detection signal applied via the switch 
23. The CPU produces a locus ON signal e indicating 
that the disk is in locus al that liming. This focus ON 
signal e controls the switch 16 in the manner described 
so above. 

That is : the CPU 24 is designed so that it receives 
the locus error signal \(A + C) - (B -+ D)}, and the sub- 
codes 1rom the data decoder 27 : and can sense whether 
the desired recording layer is in tocus or nol. 

Fig. 3 is a wavelorm diagram illustrating the opera- 
tion of the playback apparatus shown in Fig. 2. The op- 
eration ol the playback apparatus is now described by 
reterring to Fig 3. Signal waveforms s-e shown in this 
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figure correspond lo signals a-e, respectively, shown in 
Pig 2. 

We now describe e case in which the light is to be 
locused onto the second recording layer ol the optical 
disk 1 consisting ol the three recording layers. The play- 
back apparatus first delects the number ol recording lay- 
ers of the optical disk 1. Then, data tor making a jump 
to the second recording layer is set. 

It is assumed that a search is started at timing hi. 
The locus driver coil 29 is driven with the locus search 
drive voltage signal. The objective lens 7 mounted in the 
optical pickup device is moved. It the optical disk 1 is 
gradually brought to a tocus : the playback RF signal a 
produced from the adder 20 exceeds the reference volt- 
age VI . The comparator 21 produces the focus OK sig- 
nal d of high level : as shown. This turns on the switch 
23 : permitting the output from the comparator 22 to be 
led to the CPU 24. The locus error signal c is compared 
with the relerence voltage V2 which is at zero potential, 
by the comparator 22. The comparator 22 produces Ihe 
zero-crossing detection signal d. and this signal is ap- 
plied to the CPU 24. 

The focus error voltage characteristic shown as the 
signal c is depicted in Fig. 4. The distance traveled by 
the focus 1rom the optical focal point is plotted on the 
horizontal axis. The error voltage is plotted on the ver- 
tical axis. As shown, the locus error voltage character- 
istic changes like the letter S. A focus servo operation 
which is a feedback control is carried out by making use 
of the straight range in the center of the characteristic. 
When the error voltage decreases down to zero, an op- 
tical focused condition is accomplished. To detect this 
locused condition, the CPU 24 detects the trailing edge 
ot the zero-crossing detection signal d. That is, if the 
trailing edge of the zero-crossing detection signal d is 
detected, the CPU 24 judges that a focused condition 
has been attained. Then : the CPU 24 produces the fo- 
cus ON signal e. The switch 18 passes the output from 
the phase-compensating circuit 17 under the control ol 
the locus ON signal e. 

As a resutt : locus servo is started to be applied el 
timing I, lor example. The apparatus is so controlled that 
the presently focused recording layer is maintained in 
focus. 

By this tocus servo control, the first recording layer 
is locused. Subcodes recorded in the lirst recording lay- 
er are read out. decoded by the data decoder 27, and 
supplied lo the CPU 24. Data used lo make a jump to 
the second recording layer is fetched from the subcodes 
and read into the CPU 24 which relers to date about the 
number of layers in the optical disk i . Data is to be read 
from this second recording layer. The focus ON signal 
is made to go low (L) at liming J. At this time, a search 
of the second recording layer for data is staned 

That is. the locus search drive voltage signal from 
the focus search driver circuit 1 Q is supplied to the locus 
driver coil 29 to move ihe objective lens 7 in the opiical 
pickup Thus, a search is made. 



As this objective lens 7 moves., the focus error sig- 
nal c changes as shown in Fig 3 according to ihe error 
voltage characteristic shown in Fio. 4. At moment K, the 
second trailing edgeot the zero-crossing detection sio- 

5 nal ol the tocus error signal is detected. At this time, the 
result ol detection is that the opiical pickup device is lo- 
cused onto the second recording layer. 

In particular the locus ON signal e from the CPU 
24 is led to the switch l£. The locus error signal clrom 

io the phase-compensating circuit 17 drives the focus driv- 
er coil 29 via the driver amplifier 2£. This causes the 
focus servo to apply to the second recording layer. 
Hence, data recorded on the -second recording layer is 
read out. 

In the above-described locus servo technique, the 
tocus servo is applied generally at a point where the am- 
plitude ot the playback RF signal assumes a maximum 
value or the jitter ot the playback fiF signal is set to a 
minimum value. 

20 However, when ihe locus servo is set in this way, 

the locus servo is not applied in such e way that the 
locus balanced point agrees with the optical locus bal- 
anced point as shown in Fig. 4. Rather, the focus servo 
is generally applied in such a manner that the point 

2£ agrees cither with a focus balanced point Rl (as shown 
in Fig. 5) or R2 deviating Irom the optical focus balanced 
point. 

The main cause of the above-described deviation 
of the locus balanced point is opiical aberration. Offset 

so of the focus servo is a minor cause. This optical aberra- 
tion ditlers among different optical disks or different re- 
cording layers. As a consequence, the locus balanced 
point at which optimal reading is done differs among op- 
tical disks or recording layers. 

35 in this case, the peak height value measured from 
the focus balanced point at which the S-shaped error 
voltage characteristic is read optimally to a positive peak 
Pi is different from the peak height value measured 
from the focus balanced point at which optimum reading 

40 is done to a negative peak P2. 

When the tocus servo is applied in such a manner 
that the point is the focus balanced point Rl or R2 de- 
viating from the optical locus balanced point in this way, 
reading 1rom the optical disk 1 is done well. However, 

45 we have found that il a locus jump Irom one recording 
layer to another lor switching the recording layer being 
read is attempted, the locus servo to the next recording 
layer gels easily oul of order 

SO SUMMARY OF THE INVENTION 

Accordingly: i1 is an object of the present invention 
to provide a method and apparatus lor playing back data 
1rom an optical multilayer disk : the method and appara- 
ss lus being characterized in that a tocus jump from one 
recording layer to another is permitted but focus servo 
10 the next recording layer can be stably applied after 
the locus jump. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing the relation between an op- 
tical disk and an optical pickup device lor use in a 
method according to the invention: 
Fig. 2 is a block diagram showing one example ol 
the construction of the prior an multilayer disk play- 
back apparatus; 

Fig. 3 is a wavelorm diagram illustrating the opera- 
tion o1 the prior art multilayer disk playback appara- 
tus shown in Fig. 2; 

Fig. 4 is a diagram showing a locus error voltage 
characteristic having an optical locus balanced 
point; 

Fig. 5 is a diagram o1 a locus error voltage charac- 
teristic, illustrating a locus balancing voltage in the 
prior an multilayer disk playback apparatus: 
Fig. 6 is a block diagram showing one embodiment 
ol an apparatus lor playing back a multilayer disk, 
Ihe apparatus embodying a melhod ol playing back 
the multilayei disk in accordance with the present 
invention; 

Fig. 7 is a diagram showing examples ol locus error 
voltage characteristics, illustrating locus jump o1 a 
multilayer disk playback apparatus according to the 
invention; and 

Figs. 8A and 8B are waveform diagrams showing 
variations ol a locus error voltage signal when a lo- 
cus jump is made by a multilayer disk playback ap- 
paratus according to the invention 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 6 is a block diagram showing the configuration 
of one embodiment ol an apparatus according to the in- 
vention, the apparatus is designed to play back an op- 
tical multilayer disk. The apparatus embodies a method 
of playing back the optical multilayer disk in accordance 
with the invention. 

In this figure, a detector 11 receives laser light re- 
flected by an optical disk 1 having a plurality ol recording 
layers and converts it into an electrical signal. The de- 
tector 11 is divided into tour parts 11A-11D. To facilitate 
understanding, it is assumed in the present embodiment 
that the optical disk to be played back has two recording 
layers. The output signals from the detector pans HA 
and 11C produced in response to received light are 
summed up by an adder 12 and amplified by a pream- 
plifier 13. The signal is then led to one input terminal of 
a focus balance-setting circuit 16-2. The output signals 
from the detector pans n B and ilD in response to re- 
ceived light are summed up by another adder 14 and 
amplified by another preamplifier 15. Thcn : the signal is 
inverted in sign by an inverter 16-1 and applied to the 
other input terminal of the locus balance-setting circuit 
16-2. In this way. the locus balance-setting circuit 16-2 
creates a focus error voltage {(A + C) - (B + D)} which 
is the difference between the output signal (A + C) from 



the preamplilter 13 and the output signal (B -t D) from 
the preamplilier 15 

The focus balance-setting ctrcuit 1 6-2 is a circuit lor 
adjusting the focus error voltage so Ihat optimum read- 

£ ing from the optical disk 1 can be done This circuit com- 
prises means lor setting tocus balancing voltages cor- 
responding to the recording layers of the optical disk i 
and producing the set voltages : together with a means 
for producing a relerence focus balancing voltage 

to whose error voltage characteristics are in a neutral 
state. In the configuration shown in Fig. 6, the means 
lor producing a locus balancing voltage to the first re- 
cording layer of the optical disk 1 is a variable resistor 
Ra. for example. The means lor producing a locus bal- 

i$ ancing voltage to the second recording layer is a varia- 
ble resistor Rc. The means for producing the relerence 
tocus balancing voltage whose error voltage character- 
istics are in a neutral stale is a variable resisior Rb. 
Plural locus error voltages produced by the locus 

20 balance-selling circuit 16-2 are applied to a selector 
16-3. Any one of the locus error signals {(1 * K) (A + C) 
- (1 -+ K) (B -+ D)} (signal c) is selected and delivered 
1 This coefficient K is set by the focus balance-setting cir- 
cuit 162. An optimum coefficient K is preset for the re- 

2S cording layer. Alternatively, the coefficient K is automat- 
ically set so that the amplitude ol the RF playback signal 
is increased to its maximum value or that the jitter is re- 
duced to a minimum. The output from the selector 16-3 
is equalized by a phase-compensating ctrcuit 1 7 and ap- 

30 plied to one terminal of a switch IE. The switch 1 6 pass- 
es a focus drive voltage produced either from the phase- 
compensating circuit 1 7 or Irom the locus search driver 
circuit 19. The output voltage Irom the switch is power- 
amplified by the driver amplifier 26 and supplied to the 

3B locus driver coil 29, thus driving it. As a result, the ob- 
jective lens (not shown) is moved in the direction of the 
optical axis so that the light is focused onto the desired 
layer on the optical disk i . 

In the adder 20. the output from the preamplifier 1 3 

40 and the output from the preamplifier 15 are summed up 
to create a playback RF signal (A + B + C + D) (signal 
a). This signal a is compared with a reference voltage 
VI in a comparator 21. When the level of the signal a 
exceeds the relerence voltage V1, the output signal b 

4$ goes high (H) to constitute a locus OK signal. The locus 
OK signal turns on the switch 23 which receives a zero- 
crossing detection signal from a comparator 22 that 
compaies a locus error voltage {(1 - K) (A + C) - (1 + K) 
(B + D)} with a teference voltage V2 of zero potential, 

so the tocus error voltage being delivered from the selector 
16-3. When the locus OK signal is fed to the switch 23, 
the zero-crossing detection signal cMrom the compara- 
tor 22 is fed to the CPU 24. The CPU 24 detects the 
trailing edge ol the zero-crossing detection signal d. 

The adder 25 produces the sum of the output Irom 
the preamplifier 1 3 and the output Irom the preamplifier 
15 lo create the playback RF signal (A + B + C + D). 
This playback RF signal is amplified by an RF pream- 
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plrlier 26 and then decoded by a decoder 27. The de- 
coded signal contains subcodes P-W which can contain 
information other than main information in the optical 
disk 1. Decoded subcodes are supplied to the CPU 24. 
The CPU 24 reads data about the number o1 recording 
layers on the optical disk 1. lor example, from the sub- 
code R of the subcodes read from the optical disk i. Ai 
the same time, the CPU 24 reads data indicating the 
number given to the recording layer which is presently 
being read, for example, from the subcode S ol the sub- 
codes. 

When the CPU 24 senses from the applied zero- 
crossing detection signal d that the optical disk l is in 
1ocus : a focus ON signal e is fed to the switch ie. The 
switch 1 6 passes the output signal from the phase-com- 
pensating circuit 17. 

Then, the operation of the multilayer disk playback 
apparatus shown in Fig. 6 is described by relerring to 
the above-described wavelorm diagram ol Fig. 3. It is 
assumed thai in the initial stale established by turning 
on the powei supply or the like, the switch i£ is connect- 
ed to the focus search driver circuit IS and the output 
from the variable resistor Re for the first recording layer 
is selected by the selector 16-3. 

Then, the focus driver coil 29 is driven according lo 
the focus search drive signal produced from the driver 
amplifier 26, and the objective lens in the optical pickup 
is moved relative to the optical disk 1. 

As this movement is made, the focus error voltage 
signal c is created, as shown in Fig. 3, from light reflect- 
ed by the optical disk i, the light being received by the 
detector 11. The error voltage signal is delivered from 
the selector 16-3. Zero-crossing of the focus error volt- 
age signal c produced from the selector 16-3 is detected 
by the comparator 22. 

The adder 20 creates the playback RF signal a 1rom 
light reflected by the optical disk 1, the light being re- 
ceived by the detector 11. The playback RF signal a pro- 
duced by the adder is compared with the relerence volt- 
age VI by the comparator. When the level of the play- 
back RF signal a exceeds Vl . a high-level signal is pro- 
duced as shown in Fig. 3. The high-level signal from the 
comparator 21 is the locus OK signal b, which turns on 
the switch 23. 

There1ore : the 2ero-crossing detection signal d pro- 
duced by the comparator 22 is ted to the CPU 24 vie the 
switch 23. When the trailing edge of the zero-crossing 
detection signal d is detected, Ihe CPU 24 judges thel 
the optical disk 1 is biought to a focus : and produces 
the focus ON signal e. The switch 16 is thereby connect- 
ed to the phase-compensating circuit 17, thus forming 
a feedback loop. As a result, focus servo acts. 

This makes n possible to read data Irom the first 
recording layer of the optical disk 1. If the laser light 
jumps from the first recording layer to other recording 
layer due to a scratch or the like during the reading of 
the data, the layer jump can be easily detected by read- 
ing data about the subcode E. lor example, in the sub- 



codes. 

The operation perlormed when the locus is marie 
to jump from the first recording layer to the second re- 
cording layer, for example, is next described. Charac- 

£ terisiic operations of this case are briefly described by 
referring to Fig. 7 

Fig. 7 shows three locus error voltage characteris- 
tics. The focus error voltage characteristic indicated by 
the broken line is the focus error voltage characteristic 

to concerning one layer of the optical disk 1 and corre- 
sponds to the lirst recordrng layer in this example. The 
locus error voltage characteristic indicated by the dot- 
and-dash line is the locus error voltage characteristic 
concerning another layer of the optical disk 1 and cor- 

7f responds to the second recording layer in this example. 
The tocus error voltage characteristic indicated by the 
solid line is the iocus error voltage characteristic con- 
cerning a neutral state having an optical locus balanced 
point. 

20 Optimum reading Irom the lirst recording layer can 
be done at tocus balanced point Pll. Optimum reading 
trom the second recording layer can be done at focus 
balanced point R2. Therefore, the focus balance-setting 
circuit 16-2 adjusts the variable resistance Ra lo vary 

2$ the coefficient K. When an optically focused condition is 
accomplished; the circuit produces the locus error volt- 
age which is a focus balancing voltage (El). The circuit 
varies the variable resistance Rc to change the coeffi- 
cient K. When an optically focused condition is accom- 

30 plished, the circuit produces the focus error voltage 
which is a focus balancing voltage (E2). 

Since the opiimum tocus balancing voltage differs 
among different recording layers in this way. the focus 
servo easily gets out of order after a jump of the locus 

55 as described above. 

Accordingly, in the present invention, where the fo- 
cus is made to jump Irom the first recording layer to the 
second recording layer, immediately belore the execu- 
tion of the jump, the locus error voltage characteristic is 

40 made to shift to the focus error voltage characteristic 
which is in a neutral state and has the optical iocus bal- 
anced point indicated by the solid line in Fig. 7. Specif- 
ically., the selector 16-3 is soconlrolted that the neutral 
relerence locus balancing voltage is produced : using 

•is the variable resistor Rb instead of the locus balancing 
voltage produced; using the variable resistor Ra best 
suited tor the first recording layer. Then, the tocus is 
made lojump lothe second recording layer. Therealter, 
the selector 16-3 is so controlled that the focus balanc- 

so jng voltage is produced, using the variable resistor Rc 
adapted tor the second recording layer instead of the 
reference tocus balancing voltage produced, using the 
variable resistor Rb. 

In this way : the tocus servo acts on the second re- 

S$ cording layer stably after the locus jump. This assures 
that data can be read from the second recording layer. 

The above description is provided in further detail 
by referring to the waveform diagram illustrating chang- 
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es in the locus error voltage signals shown in Figs. BA 
and 8B. 11 is assumed that at liming A shown in Fig. 8A : 
the locus is made lo jump Irom the first recording layer 
to the second recording layer. A control signal is fedlrom 
a system controller incorporated in a playback appars- £ 
tus (not shown) to the selector 1 6-3, thus producing the 
neutral relerence locus balancing voltage, using the var- 
iable resistor Rb. Then., the CPU 24 causes the locus 
ON signal e to drop s so that the switch 16 permits the 
locus search driver circuit 19 to produce the locus to 
search drive signal. In this manner, the objective lens in 
the pickup moves. The selector 16-3 produces a tocus 
error voltage as shown in Fig. 6A. 

The locus passes over the 1irst layer and the sec- 
ond layer is gradually locused. When the amplitude ol ?s 
the RF playback signal created by the detector 11 in re- 
sponse to the received light exceeds the relerence volt- 
age VI : the comparator 21 produces the locus OK sig- 
nal b, thus turning on the switch 23. When the trailing 
edge of the zero-crossing detection signal supplied Irom ?o 
the"compaiator 22 to the CPU 24 is detected, the CPU 
24 supplies the locus ON signal esoasJpiurn.it on. The 
switch IB passes the locus error signal c produced Irom 
the phase-compensating circuit "7. This timing is taken 
as timing B. 2B 

As a result, the locus servo acts. The selector 16-3 
is controlled by a control signal so as to select the output, 
using the variable resistor Rc. Consequently, the selec- 
tor 1 6-3 produces the locus balancing voltage best suil- 
ed lor the second recording layer at timing C at which 30 
the tocus servo system stabilizes. 

Accordingly, the tocus servo stably acts on the sec- 
ond recording layer. This assures that data can be read 
trom the second recording layer. 

Fig. 8B shows variations ot the tocus error voltage 35 
signal where the locus is made lo jump trom the second 
recording layer to the tirst recording layer. In this case, 
at timing D, i.e. : immediately belore the jump ot the lo- 
cus, the locus balancing voltage in a neutral state is pro- 
duced, using the variable resistor Rb. Then ; the CPU 24 *o 
causes the tocus ON signal e to drop, thus permitting 
the switch 18 to pass the tocus search drive signal de- 
livered Irom the tocus search driver circuit 1 9. As a con- 
sequence, the objective lens in the pickup moves. The 
locus error voltage which is directed toward the first re- *5 
cording layer as shown in Fig. 8B is delivered trom the 
selector 16-3. In this case, the level ot the locus error 
voltage changes in the positive direction and then varies 
in the negative direction while approaching the tirst lay- 
er, unlike the above-described case. $o 

The tocus passes over the second layer and the 
tirst layer is gradually tocused. When the amplitude o1 
the RF playback signal created by the detector n in re- 
sponse to the incoming light exceeds the reference volt- 
age VI . the comparator 21 produces the locus OK sig- 55 
nal b t thus turning on the switch 23. When the trailing 
edge ol ihe zero-crossing detection signal supplied trom 
the comparator 22 to the CPU 24 is detecied. the CPU 



24 supplies the focus ON signal e to the switch 1 8 so as 
to control it. The switch 18 passes the locus error signal 
c produced from the phase-compensating circuit 17. 
This timing is taken as timing E. 

This permits application ot the iocus servo. The se- 
lector 1 6-3 is controlled by a control signal so as to select 
the output produced : using the variable resistor Ra. 
Consequently, the selector 16-3 produces the tocus bal- 
ancing voltage best suited tor the tirst recording layer at 
timing F at which the iocus servo system is settled. 

Accordingly, the tocus servo stably acts on the lirst 
recording layer. This assures that data can be read from 
the tirst recording layer. 

With respect to the locus balancing voltage which 
is in a neutral state, the positive peak and the negative 
peak o1 the tocus error voltage characteristic are ideally 
equal to each other. 11 the amount ot error produced is 
about ± 1 to 2 urn when convened into a distance 
traveled by the focus, then no problem arises. 

In the description provided thus far, the focus bal- 
ance-setting circuit 16-2 is built, using the variable re- 
sistors tor the recordino ieyers end the variable resistor 
producing a tocus balancing voltage which is in a neutral 
state. The present invention is not limited to this struc- 
ture. Each variable resistor may be constructed trom an 
electronic volume, that is, an electrically-actuated vol- 
ume controller for controlling the level o1 voltage. Fur- 
thermore, the tocus balance-setting circuit 16-2 may be 
composed ot one electronic volume, and the tocus bal- 
ancing voltage produced as described above may be 
varied at given timing. In this case, the selector 16-3 can 
be omitted. 

Since the present invention is constructed as de- 
scribed thus far, even il the tocus is made to jump from 
one recording layer ol a multilayer disk to another, focus 
servo can be applied stably after the jump ot the tocus. 
This assures that data can be read trom the recording 
layer alter the jump ol the locus. In addition, the struc- 
ture used for this purpose can be simplitied. 



Claims 

1. A method ot playing back an optical multilayer disk 
(i) having a plurality o1 recording layers (3, 4 ; 6) 
stacked on top of each other by the use of an optical 
pickup device having a locus balancing setting and 
a local point, said method comprising the steps of: 

switching said focus balancing setting o1 said 
optical pickup device from a setting providing a 
tocus error detection characteristic adapted tor 
a first one ol said recording layers to a reler- 
ence setting that provides a neutral focus error 
detection characteristic: 

moving the local point of said optical pickup de- 
vice oul o1 said tirst recording layer onto which 
said optical pickup device is tocused; 
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focusing said optical pickup device onto a sec- 
ond one ot said recording layers to read daifc 
Irom the second recording layer: 
then switching said locus balancing setting o1 
said optical pickup device to a setting adapted f- 
tor said second recording layer, whereby a re- 
cording layer read by said optical pickup device 
is switched trom said lirst recording layer to 
said second recording layer. 

10 

2. The method of claim i , wherein said step ot switch- 
ing said focus balancing setting ol said optical pick- 
up device to the setting adapted tor said second re- 
cording layer involves the step of comparing the da- 
ta read from the second recording layer with a ret- ^ 
erence level (VI ), and wherein said locus balancing 
setting o1 said optical pickup device is switched to 
the setting adapted tor said second recording layer 
alter the read data has exceeded the reference lev- 



3. The method dfclaim 1 . wherein said step of moving 
the focal point of said optical pickup device from 
said first recording layer onto which said optical 
pickup device is focused consists of setting said fo- 2f 
cus balancing setting of said optical pickup device 

to said reference setting that provides the neutral 
focus error detection characteristic so that said first 
and second recording layers can be selectively read 
out. 30 

4. An apparatus for playing back an optical multilayer 
disk (1) having a plurality ot recording layers (3, 4, 
5) slacked on top ot each other, said apparatus 
comprising: 3S 

an objective lens (7) for directing laser lighl et 
any one of the recording layers of said optical 
disk; 

a signal detection means (27) lor receiving light *o 
reflected trom said optical disk and for detect- 
ing signals recorded in said optical disk: 
a focus detection means (11-16) for producing 
a focus error signal indicating an error in focus- 
ing said laser light: 4b 
a driving means (29) for driving said objective 
lens in a direction to focus said lens in order to 
locus said laser lighl onlo a desired one ol said 
recording layeis: 

a focus balance-setting means (16-2) for set- so 
ting a focus balanced condition according to e 
characteristic of the error detected by said fo- 
cus detection means and for switching said fo- 
cus balanced condition between (i) a reference 
setting tor bringing at least a focus error char- ~£ 
acteristic into a neutral state, (ii) a setting 
adapted for a first one ot the recording layers 
and (iii) a selling adapted for a second one of 



the recording layers: and 

a focusing detection means (22-24) tor sensing 
whether the laser light is focused onto the de- 
sired recording layer Irom an output signal from 
said locus balance-setting means. 

5. The apparatus of claim 4, wherein said focus bal- 
ance-setting means (16-2) is so controlled as to go 
through said reference setting while a locus ol said 
laser light is being shifted from said first recording 
layer to the second recording layer 

6. The apparatus ol claim 4, wherein said focus bal- 
ance-setting means (16-2) comprises: 

a plurality of 1ocus-balancmg circuits (Ra r *Rc) 
tor producing tocus-ba lancing output signals 
adapted 1or the respective recording layers ol 
said optical multilayer disk; 
a relerence locus-balancing circuit <Rb) for pro- 
ducing a reference focus -balancing output sig- 
nal according to the locus error signal from said 
focus detection means to produce a reference 
focus-balancing output signal providing a neu- 
tral error voltage characteristic; and 
a selecting circuit (16-3) for selecting and ena- 
bling one ol said locus-balancing circuits. 

7. The apparatus ol claim 4. wherein said locus bal- 
ance-setting means includes an electronic volume 
circuit for producing foe us -ba lancing output signals 
adapted for the recording layers, respectively, ol 
said optical disk. 

8. The apparatusof claim 4, wherein said focusing de- 
tection means (22-24) compares the output signals 
from said focus-batancing circuits with a relerence 
level and senses whether the laser light is focused. 

9. The apparatus of claim 4. wherein said locus detec- 
tion means includes an optical del ector (11) split in- 
to fourparts (11A-11D) which produce their respec- 
tive output signals in response to incident light, and 
wherein said focus detection means (16)delects an 
error in tocusing said laser light. 

10. The apparatus ot claim 4, wherein said signal de- 
tection means (27) produces a signal containing da- 
ta about subcodes; and wherein said signal detec-. 
tion means detects a number given to a recording 
layer that is presently being read. 

11. An apparatus for playing back an optical multilayer 
disk (i) having a plurality of recording layers (3. 4, 
5) stacked on lop o1 each other said apparatus 
comprising: 

an optical pickup device for tocusing light onto 
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any one ol said recording layers and 1or reading 
data Irom the focused recording layer; 
a locus balance-selling means (16-2) lor sei- 
tina a locus balanced condition of said optical 
pickup device: and wherein $ 
when data is read from other recording layer by 
causing the focus oi said optical pickup to make 
a jump Irom one of the recording layers onto 
which said optical pickup device is focused so 
that said optical pickup device is focused onto to 
said other recording layer a focus balanced 
point ol said optical pickup device is moved into 
a reference locus balanced point where error 
voltage characteristics ol said pickup device 
are in a neutral state to make the locus jump 75 
and then the locus balanced point is set to a 
locus balanced point adapted for the oiher re- 
cording layer. 

12. The apparatus of claim 11, wherein said optical 20 
pickup device comprises: 

an objective lens (7) for directing laser light at 
any one ol the recording layers o1 said optical 
disk; 

a signal detection means (27) lor receiving light 
reflected from said optical disk and lor detect- 
ing signals recorded in said optical disk; 
a focus detection means (11-16) for producing 
a focus error signal indicating an error in focus- 30 
ing said laser light; and 

a driving means (29) for driving said objective 
lens in a direction to locus said lens in order to 
focus said laser light onto a desired one of said 
recording layers. 35 

13. The apparatus of claim 11 , wherein said locus bal- 
ance-setting means comprises: 

a plurality of locus-balancing circuits (Ra, Rc) *o 
lor producing focus-balancing output signals 
adapted for said recording layers, respectively 
ol said optical disk: 

a relerence locus-balancing circuit (Rb) for pro- 
ducing a reference tocus-balancing output sig- «s 
nal according to the locus error signal from said 
focus detection means to produce a neutral er- 
ror voltage characteristic: and 
a selecting circuit (16-3) tor selecting and ena- 
bling one of said focus-balancing circuits. &o 



8 



EP 0 762 397 A2 



FIG. 1 



1 




laser light 



FIG. 4 




distance traveled by locus ( rn) 



EP 0 762 397 A2 




10 



EP 0 762 397 A2 



FIG. 3 




FIG. 5 




i deviation 1rom 

2_ optical local 

4 poini 
i 



chsi a nr.e navel eo by iocus \ ~- m : 



11 



EP 0 762 397 A2 




EPO 762 397 A2 



FIG. 7 



8.00 




13 



EP 0 762 397 A2 
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(54) Method and apparatus for playing back multilayer disk 



(57) There is disclosed a method ol playing back in- 
formation from an optical multilayer disk having a plu- 
rality ol recording disks stacked on top ol each other, by 
the use ol an optical pickup device. In order to switch 
the locused recording layer 1rom a lirst one to a second 
one so that data is read Worn the second recording layer 
the focus balanced condition o1 the pickup device is 
switched trom a setting (Ra) providing a locus error 



characteristic adapted for the first recording layer to a 
reference setting (Rb) providing a neutral focus error 
characteristic. Then, the focal point of the pickup device 
is moved from the first recording layer. Subsequently., 
the pickup device is focused onto the second recording 
layer, and data is read trom the second recording layer. 
Thereafter, the focus balanced condition of the pickup 
device is switched to a setting (Rc) adapted to the sec- 
ond recording layer. 
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